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ABSTRACT 

The f requency o f  an e l e c t r o p h o r e t i c a l l y  de tec tab le  v a r i a n t  of t h e  enzyme 
a-glycerophosphate dehydrogenase was inc reased  f r om .087 t o  . I 0 8  i n  Tutka 
Lagoon Hatchery  p i n k  salmon i n  August 1981. The s e l e c t i o n  procedure 
necessary t o  ach ieve t h i s  was i nco rpo ra ted  i n t o  t h e  r e g u l a r  egg-take 
o p e r a t i o n  a t  Tutka w i t h  a  minimal a ~ o u n t  o f  i n t e r f e r e n c e .  A t  l e a s t  two 
more genera t ions  of s e l e c t i o n  a re  needed t o  a t t a i n  an e a s i l y  d e t e c t a b l e  
l e v e l  o f  t h i s  AGP v a r i a n t .  Th i s  s e l e c t i o n  must be more in tense- -sc reen ing  
a t  l e a s t  t w i c e  as many males as i n  1981. With  a  smal l  crew work ing  
e x c l u s i v e l y  on t h e  gene t i c  mark ing p r o j e c t ,  t h i s  t a g  can e a s i l y  be 
developed i n  t h e  odd-year p i n k  salmon a t  t h e  Tutka Lagoon Hatchery.  



INTRODUCTION 

Electrophoresis has been used extensively in the  l a s t  ten years t o  describe 
protein var ia t ion i n  salmon. This var ia t ion i s  seen as  banding patterns on 
ge l s ,  which a r e  interpreted as genotypes. As the  banding pat terns  are  
her i table  and occur in many populations, they can be used as a genetic 
mark. Frequencies of the genes producing these patterns zre d i f fe ren t  in 
each salmon stock. In most a reas ,  though, the  magnitude of difference i s  
not su f f i c ien t  t o  ident i fy  a stock with ce r ta in ty .  

One (o r  more) var iable  gene locus can be used f o r  stock iden t i f i ca t ion .  
After  a locus has been chosen, a r t i f i c i a l  se lect ion f o r  the  var iant  ( o r  
l e s s  common) gene in one population wi l l  magnify the  frequency di f ference,  
uniquely marking t h i s  population. The major advantages in genetic marking 
are  (1) the  a b i l i t y  of the  marks t o  perpetuate themselves, and ( 2 )  there 
a re  no obvious negative cha r ac t e r i s t i c s  associated with them. 

If  hatchery f i s h  a re  marked genet ica l ly ,  they wi l l  be the unique population 
in a system. The d i s t inc t ion  wil l  then enable us t o  examine the 
in teract ions  of hatchery f i s h  with wild populations. These include the 
evaluation of hatchery success ( o r  contribution t o  the  mixed f i s h e r y ) ,  
juvenile migration, and straying.  

In August 1981, the Genetics Laboratory i n i t i a t e d  attempts t o  develop a 
genetic mark in the  p i n k  salmon population a t  Tutka Lagoon Hatchery. The 
objectives of t h i s  project  are:  (1) f ind  a su i t ab le  biochemical genetic 
var iant  t o  be used as a genetic marker; ( 2 )  increase the  frequency of t h i s  
var iant  through a r t i f i c i a l  se lect ion;  ( 3 )  determine the f e a s i b i l i t y  of 
developing a genetic mark in a production f a c i l i t y ,  and ( 4 )  use the genetic 
marker t o  evaluate hatchery production. 

Pr ior  screening of Tutka pink salmon suggested the  use of a var iant  form of 
the enzyme a-glycerophosphate dehydrogenase (AGP) as a genetic marker. 
Breeding experiments done by Aspinwall (1973) confirm the  genetic basis  of 
the e lec t rophoret ica l l~y detected var ia t ion.  The three AGP genotypes found 
a r e  cha r ac t e r i s t i c  of a dimer encoded by one autosomal locus with two 
codominant genes, AGP(100) and AGP(200). The gel pattern f o r  each genotype 
i s  unambiguous. Carr iers  of the va r ian t  gene AGP(200) have e i t h e r  one band 
with twice the rnobil i t y  of the common gene (homozygote) or  a t o t a l  of 3 
bands (heterozygote) . 

METHODS 

Tutka Lagoon adu l t  pink salmon were separated by sex and stage of ripeness 
and held in sa l twater  pens un t i l  spawning. Ripe o r  near-ripe males were 
subjected t o  genetic screening the  day before they were t o  be spawned. 
Each male was net ted ,  tagged w i t h  Floy anchor t ags ,  white muscle biopsied 
with a 6 mm dermal punch, and the f i s h  returned t o  i t s  pen. The biopsies 
were analyzed e lect rophoret ica l ly  i n  a  small laboratory s e t  up  i n  the  
hatchery. Standard e lect rophoret ic  and s ta in ing techniques were used in 
the lab (May 1975; Harris and Hopkinson 1977) .  



Tag numbers of any male carrying the variant A G P  gene in one or two doses 
were noted. During the regular hatchery spawning operation the following 
day, these selected males were used to  f e r t i l i z e  a portion of the eggs with 
a male female r a t io  of 1:4. All unselected males were destroyed. The 
selected progeny were incubated separately b u t  received no special 
treatment in the hatchery. The res t  of the hatchery eggs were f e r t i l i zed  
with non-screened males. 

RESULTS 

During two weeks of spawning, 1,883 males were electrophoretical ly 
screened. Of these males, 297 were selected t o  spawn with 1,248 unscreened 
females. Fecundity was 1,400 eggs per female which resulted in 1.8 million 
eggs subjected t o  the genetic marking. Assuming male and female i n i t i a l  
A G P  gene frequencies are similar,  the variant gene frequency was altered 
from .087 t o  .318 in the selected progeny. 

A t  the Tutka Lagoon f a c i l i t y ,  20.3 million pink salmon eggs were taken in 
1981. The 1.8 million genetically marked eggs comprise 8.9% of the 
hatchery population. This proportion changes the selected variant 
frequency from .087 to ,108 in the whole Tutka population. This difference 
i s  n o t  large enough to be detected using a reasonable sample size.  

To date there have been no  differences in egg performance between select  
and nonselect egg lo t s .  Selected egg survival was 83.4% to the eyed stage. 
This i s  not significantly different  from the overall hatchery survival of 
80%. 

DISCUSSION 

As a resul t  of the a r t i f i c i a l  selection, the AGP (200) gene frequency in 
the Tutka Lagoon pink salmon population has been permanently increased. By 
repeating the selection procedure in the next two to three generations 
(1983 and 1985), the frequency difference wi 11 be increased and Tutka pink 
salmon genetically marked. This selection over a few generations i s  
preferable. I t  i s  slower and more f i sh  genomes can be incorporated into 
the select  group, minimizing the potential loss in genetic variation. 

Our i n i t i a l  goal in 1981 was to  genetically mark 25% of the odd-year 
progeny. The number of males t o  be screened for  th i s  project was based on 
A G P  frequencies found in 1980 Tutka pink salmon and the expected hatchery 
goal of 15 mil 1 ion eggs. The 1981 AGP(200) frequency was 4% lower than 
estimated, a n d  the hatchery increased production from 15 to  20 million 
eggs. As there were fewer heterozygotes than we expected for  the selection 
procedure only 8.9% of the 1981 progeny were marked. We did n o t  screen 
females because i t  was important t o  minimize the i r  handling. 

Determining the f eas ib i l i t y  of incorporating a genetic mark into the 
population a t  a production f a c i l i t y  was one of the original objectives in 
th is  project. The low-keyed t r i a l  selection done in 1981 did not 
interfere  very much with hatchery egg take operations. To a t ta in  a useable 
genetic mark, though, selection in the next few generations will have to be 
more intense. Tables l A ,  IB, and 2 describe three possible breeding 
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Table 2. Change i n  gene f requency when sc reen ing  4,000 males each 
genera t ion .  

No. o f  Males No. of 
Re tu rn ing  Adu l t s  Gene Frequencies Genotype Frequencies t o  be Screened Se lec ted  Eggs 

Year 100 200 100/100 100/200 200/200 



schemes for  increasing the AGP(200) frequency in Tutka Lagoon pinks. 
Table 1 shows the changes in gene frequency that  would resul t  i f  25% or 50% 
of the eggs are f e r t i l i zed  with selected males. If the number of males 
screened i s  held constant, the gene frequencies would change as in 
Table 2--an intermediate between 25% and 50%. The third generation of 
selection in any of these methods can be used to  achieve a desired variant 
frequency in the hatchery population. The intensity of selection would 
depend on the level of variant frequency. This frequency would be 
determined s t a t i s t i c a l l y  a f te r  a l l  major populations of pink salmon in the 
lower Cook In l e t ,  Kachemak Bay area were thoroughly screened. An estimate 
of the man-hours involved in the screening i s  given a t  the bot tom of 
Table 1. The number of males that  must be screened a t  e i ther  level of 
selection i s  n o t  unreasonable. Based on  t h i s ,  a genetic marking plan for  
Tutka pink salmon i s  possibile. 

The value of a genetic tag in Tutka Lagoon pinks cannot be ascertained 
until a l l  other area populations are analyzed. The larger AGP(200) 
frequency difference we can make, the better an estimate of contribution we 
will get. If  the hatchery population i s  readily ident i f iable ,  then some of 
the biological interactions between hatchery and wild stocks can be 
examined. 
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